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NUCLEOTIDE-COMPRISING COMPOSITION 



FIELD OF THE INVENTION 

The present invention concerns drugs for use in human therapy. 
More specifically, the present invention concerns pharmaceutical uses of 
adenosine as well as agents that interact with the adenosine system. 

PRIOR ART 

The following is a list of prior art references considered to be 
relevant as background to the invention: 

1. Daly, J.W., Adenosine receptors: Targets for future drugs, J. Med, 
Chem., 25:197-207, 1982. 

2. Stiles, G.L., Adenosine receptors and beyond: Molecular mechanisms 
of physiological regulation, Clin Res,, 38:10-18, 1990. 

3. CoUis, M.G., The vasodilator role of adenosine, Pharmacol Ther,, 
41:143-162, 1989. 

4. Klabunde, R.E., Dipyridamole inhibition of adenosine metabolism in 
human blood, European J, PharmacoL , 93 :2 1 -26, 1983. 

5. Beme, R.M., The Role of adenosine in the regulation of coronary blood 
flow, Circ, Res., 47:807, 1980. 

6. Dobson, J.G., Jr., Mechanism of adenosine inhibition of catechol- 
amine-induced responses iu heart, Circ, Res,, 52:151, 1983. 

7. Soderback, U., Sollevi, A., Wallen, V.H., Larsson, FT., and Hjemdahl, 
P., Anti-aggregatory effects of physiological concentrations of 
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adenosine in human whole blood as assessed by filtragometry, Clin Sci 
81:691-694, 1991. 

8. Paul, P., Rothmann, S.A., and Meagher, R.C., Modulation of erythro- 
poietin production by adenosine,^ Lab. Clin, Med., 112:168-173, 1988. 

9. Elgler, A., Greten, T.F., Sinha, B., Haslberger, C, Sullivan, G.W. and 
Endres, S., Endogenous adenosine curtails 
lipopolysaccharide-stimulated tumor necrosis factor synthesis, Scand. J. 
ImmunoL, 45:132A39, 1997. 

10. Bouma, M.G., Stad, R.D., van den Wildenberg, F.AJ.M., and Buurman, 
W.A., Differential regulatory effects of adenosine on cytokine release by 
activated htiman monocytes. The J, of Immunol.^ 153:4159-4168, 1994, 

11. Pospisil, M., Hofer, M., Netikova, J., Pipalova, L, Vacek, A., 
Bartonickova, A., and Volenec, K., Elevation of extracellular adenosine 
induces radioprotective effects in mice.. Radiation Research, 
134:323-330, 1993. 

12. Bajaj, Insel, J., Quagliata, F., Hirschhom, R. and Silber. R., 
Adenosine and adenosine analogues are more toxic to chronic 
lymphocytic leukemia than to normal lymphocytes. Blood, 62:75-80, 
1983. 

13. Tey, H.B., Khoo, H.E., and Tan, C.H., adenosine modulates cell growth 
in human epidermoid carcinoma (A431) cells, Biochem. & Biophysci. 
Res, Communications,. 187:1486-1492, 1992. 

14. Rapaport, E., Experimental cancer therapy in mice by adenine 
nucleotides, £wr, J: Cancer OncoL,24:\49UU97 , 1988. 

15. Rapaport, E,, J. Fontaine, Anticancer activities of adenine nucleotides in 
mice are mediated through expansion of erythrocyte ATP pools, Proc, 
Natl Acad, 86:1662-1666, 1989. 

16. Weisman, G.A., De, B.K., Pritchard, R.S., and Heppel, L.A., Cellular 
responses to external ATP which precede an increase in nucleotide 
permeability in transformed cells, J. of Cellular. Physiol., 119 :211-219^ 
1984. 
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17. Heppel, L.A., Weisman, G.A., Friedberg, I., Permeabilization of 
transformed cells in culture by external ATP., Membrane Biology, 
86:189-196, 1985. 

5 18. Surprenant, A., Rassendren, F., Kawashima, E., North, R.A. and Buell, 
, G., The cytolytic receptor for extracellular ATP identified as a Psx 
receptor (P2X7), Science, 272:735-738, 1996. 

19. Jackson, R.C., Ross, D.A., Harkrader, R.J., Epstein, J,, Biochemical 
10 approaches to enhancement of antitumor drug selectivity: selective 

protection of cells from 6-thioguanine and 6-mercaptopurine by 
adenosine. Cancer Treatment Reports, 64:1347-1353, 1980. 

20. Gentile, P., Epremian B.E,, Approaches to ablating the myelotoxicity of 
15 chemotherapy. CRC Critical Reviews in Oncology /Hematology 

7:71-87, 1987. 

21. Epstein, J., Preisler, H.D., Protection of normal hematopoietic stem cells 
from the toxicity of purine base analogs: in vivo application. Cancer 

20 Treatment Reports, 68:1153-1156, 1984. 

22. Pines, M,, Ashkenazi, A., Cohen-Shapnik, N, Binder, L. and Gertler, A., 
Inhibition of the proliferation of Nb2 cells by femtomolar concentrations 
of cholera toxin and partial reversal of the effects by 

25 12-0-tetradecanoyl-phorbol-13-acetate, J, of Cellular Biochem., 

37:119-129,1988. 



The acknowledgement of these references herein will be made 
30 by indicating their number from the above list, within brackets. 

BACKGROUND OF THE INVENTION 

Adenosine is a purine nucleoside which is known to act 
extracellularly to regulate different physiological processes through its 
35 . binding to specific cell surface receptors (Al and A2 receptors/^'^"^^ The fact 
that adenosine exerts an extracellular effect was demonstrated, for example, 
by an increased effect of adenosine on cells when given together with 
dipyridamole, which inhibits uptake of adenosine by cells*'*^ 
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Adenosine has been known to affect the cardiac rhythm and 
accordingly has been clinically used to protect the myocardium in various 
pathological situations^^'^\ In addition, adenosine is also known as having 
both vasoconstrictor effect on the kidney and a vasodilator effect in other 
5 vascular beds. Adenosine is also known to have an effect on blood cells 
including: inhibition of platelet aggregation^^^; stimulation of red blood cell 
hematopoieses through the production of erythropoietin^^^; exerting an 
anti-inflammatory effect manifested by inhibition of inflammatory 
cytokines^^'^^^; and reduction of septic shock. Adenosine was also shown to 
10 have a radioprotective effect when administered for a few minutes (about 15 
^ mins.) prior to the radiotherapeutic treatment^ 

Adenosine was also known to exert an anti-prohferative effect 
on cancer cells. Bajaj et aL, 1983^^"^ noted that adenosine and adenosine 
analogs have a toxic effect on lymphocytic leukemia cells, which was more 
15 pronounced than the toxic effect on normal lymphocytes. Furthermore, Tey 
et al, 1992^^"'^ showed that adenosine had an effect in modulating cell growth 
in hiaman epidermoid carcinoma cells. In addition, it has been noted in the 
literature^^"^^ that parenterally administered adenine nucleotides (AMP, ADP 
and ATP) inhibit tumor development in mice^^^\ ATP has been reported to 
20 increase penheabilization of transformed cells^^^'^^\ but it should be noted that 
ATP exerts its effect through the cellular receptors, P2X, P2Y and P2Z^^^\ 
which are different than that the Al and A2 receptors through which 
adenosine exerts its regulatory effect 

White blood cells (leukocytes) consist of three basic groups of 
25 cells: granulocytes, monocytes and lymphocytes. Many therapeutic drug 
- treatments have undesired side effects manifested in reduction of leukocytes, 
and particularly reduction in the count and relative proportion of granulocytes 
(which are typically 70% of the white blood cells), and particularly of 
neutrophils, which typically constitute more than about 90% out of the 
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granulocytes. Examples of drugs which cause reduction in count of 
leukocytes, and particularly neutrophils, are cytotoxic drugs, e.g. such used in 
cancer chemotherapy, neuroleptic drugs, and others. The effect of reduction 
in white blood cell count is usually referred to in the art as ''leukopenia'' and 
5 reduction in the count of neutrophils as "neutropenia". One major adverse 
effect of leukopenia, and particularly of neutropenia is an increase in 
susceptibility of individuals to opportunistic infectious diseases. In many 
cases, particularly in cancer chemotherapy, the patients very often die from 
such opportunistic infectious diseases (e.g. from lung infection) and not from 

10 their primary disease, i.e. cancer, Dmgs which can protect or inhibit the 
undesired toxic side effect of leukopenia, and particularly of neutropenia 
would thus be highly desirable. Jackson et al ^^^^ reviewed by Gentile et 
alP^^^ showed that the toxic effect of two purine analogs (6-thioguanine and 
6-mercaptopurine) on lymphoblasts and fibroblasts can be inhibited by 

15 adenosine. It was postulated that this effect is in view of the adenosine's 
inhibition of production of phosphoribosylpyrophosphate (PRPP). Jackson et 
al point in their conclusion of their study to the possibility of developing 
cytotoxic dmgs with a higher selectivity towards cancer cells, based on 
different enzyme patterns between tumor and normal cells. It should be noted, 

20 that the work of Jackson et al was conducted in vitro only, and when 
adenosine was tried in vivo, it was shown by Epstein et al^^^^ that in vivo 
protection towards toxic effect of purine analog can be achieved with 
adenosine levels of about 500 mg/kg body weight. It should, however, be 
noted that at such mega doses, adenosine would likely be toxic and have a 

25 variety of side effects by itself 

GENERAL DESCRIPTION OF THE INVENTION 

The present invention concerns a novel use of adenosine and 
various agents, including other nucleotisides nucleoside derivatives, and 
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agents that interact with the adenosine system, that include: agonists and 
antagonists of adenosine receptors, inhibitors or blockers of adenosine 
transporters, as well as inhibitors of en2ymes involved in adenosine 
metabolism, e.g. adenosine kinase inhibitor and adenosine diaminase 
5 inhibitor. 

In accordance with the present invention it was foimd that 
adenosine has an effect in inducing proliferation of bone marrow cells, 
resulting in increase in the number of leukocytes and particularly of 
neutrophils in the peripheral blood. It was furthermore found in accordance 

10 with the invention that adenosine has a protective effect against some toxic 
effect of chemotherapeutic drugs, particularly protection against reduction in 
count of leukocytes, particularly neutrophils, which is otherwise caused by the 
chemotherapeutic drug. In addition, it was found in accordance with the 
invention that adenosine potentiates the specific anti-tumor activity of 

15 chemotherapeutic drugs. Still fiirther, it was foimd in accordance with the 
invention, that certain of the adenosine activities noted above can be 
modulated by various agents that interact with the adenosine system. 

In in vivo studies in experimental animal it was shown that the 
overall effect of adenosine when administered together with a 

20 chemotherapeutic drug is to increase the therapeutic index, namely, reducing 
toxic side effects and improving specific activity. In the foUov^g, the term 
''increase in therapeutic index" will be used to denote either improvement in 
the therapeutic effect of a drug, namely increasing its efficacy on a specific 
target cell, or reducing non desired toxic side effects manifested on cells other 

25 than the target cells, or both. 

In the following, the term "target cells" will be used to denote 
the target of said drug; the term "non-target cells" will be used to. denote cells 
other than target cells on which the drug reserves a cytotoxic side effect. 
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The term "anti-cancer chemotherapeutic drug'' will be used to 
denote a cytotoxic drug or a cocktail comprising a combination of two or 
more cytotoxic drugs given to an individual for the purpose of reducing the 
patient's tumor mass. 
5 The temi ''agents that interact with the adenosine system " used 

above and which may be used flirther below, means to denote a variety of 
agents which interact with receptors, transporters or enzymes which regulate 
or mediate the adenosine interaction with cells. As known, extracellular 
adenosine can bind to a number of receptors on the cell membrane including, 
10 among others, the Al and the A2 receptors. Furthermore, cell membranes 
typically contain nucleoside transporters which can transport adenosine (as 
well as other nucleosides) into and out of the cell. Furthermore, in the 
extracellular medium surrounding the cells, as well as within the cells, there 
are various enzymes which can metabolize adenosine. The effect of 
15 extracellularly applied adenosine on cells is a combination of these three 
different mechanisms, (namely binding to receptors, transport through 
nucleoside transporters and breakdown by enzymes. It was found in 
accordance with the invention that adenosine exerts its differential effect on 
bone marrow cells on the one hand and cancer cells on the other hand, 
20 through interaction via these mechanisms (different ones in each case) and use 
of agents which interact through these mechanisms may thus have similar 
effects to that of adenosine or an effect in modulating the adenosine activity. 
Agents that interact with the adenosine system include receptor agonists and 
antagonists, adenosine diaminase or adenosine kinase inhibitors, transport 
25 inhibitors, etc. In addition, as will no doubt be appreciated by the artisan, 
- . although the use of adenosine is preferred in accordance with the invention, 
other nucleosides as well as nucleoside derivatives may potentially be used to 
obtain qualitatively similar effects to that of adenosine. In the following, the 
invention will be described at times with particular reference to adenosine, it 
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being understood that the invention is not limited thereto but rather applies 
also to all the other active ingredients mentioned above. 

In addition, as will be explained further below, the invention 
has several different aspects. One aspect is concerned with the induction of 
5 proliferation of bone marrow cells. Another aspect is concerned with 
inhibition of proliferation of tumor cells. A third aspect is concerned with the 
increase efficacy of some drugs, notably chemotherapeutic drugs, on target 
cells, particularly cancer cells. A fourth aspect is concerned with increasing 
therapeutic index of certain drugs, notably chemotherapeutic and neuroleptic 

1 0 drugs, by either increasing their specific effect on the target cell, by reducing 
their toxic side effects in reducing blood leukocyte count, or both. While 
adenosine is useful, and indeed the preferred active agent in all such aspects 
of the invention, other active ingredients which may be contemplated in 
accordance with the invention may not be readily utihzed in all aspects of the 

1 5 invention and may thus be chosen for use in connection with one or more 
specific aspects only. For example, an adenosine receptor antagonist may be 
used in the bone marrow proliferation inducing aspect of the invention, as it 
was found to have such an activity. Against this, the adenosine receptor 
antagonist was found to have an effect in neutralizing adenosine's inhibitory 

20 effect on proliferation of tumor cells, and accordingly may not be used in the 
tumor proliferation inhibition aspect of the invention. 

Active ingredients other than adenosine for use in each of the 
invention's therapeutic aspects, may be chosen based on simple screening 
using in vitro proliferation assays. 

25 Many drugs have cytotoxic side effects on a variety of cells, 

particularly metabolically active and dividing cells. These include 
hematopoietic cells such as bone marrow cells, leukocytes, . particularly 
neutrophils, as well as fibroblasts, cells of the digestive tract, and others. In 
the following, a reduction in leukocyte count or neutrophil count by cytotoxic 
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drugs, will be referred to herein, at times, as ''drug-induced leukopenia'' or 
"drug-induced neutropenia"^ respectively. 

In the following, whenever mention is made to "leukopenia", it 
should be understood as referring particularly to "neutropenia" (drug-induced 
5 leukopenia is primarily manifested in reduction in the level of neutrophils). 

Adenosine and some other of said active ingredients may be 
used in accordance with one aspect of the invention for indncing proliferation 
of bone marrow cells. This aspect of the invention is applicable in a variety of 
clinical situations. For example, adenosine and the other of said active 
10 ingredients may be used for treatment of patients having a disease or disorder 
caused by or associated with weakening of the immune system, e.g. in the 
case of inherited or acquired immune deficiency. Also certain autoimmune 
diseases are associated with an overall weakening of the immune system and 
said active ingredients may be used then as well. Another situation of a 
15 weakened immune system which may be treated in accordance with this 
aspect of the invention, is such which often occurs in advanced stages of 
cancer. This aspect of the invention is also useful in therapy in the case of 
leukopenia and particularly neutropenia occurring as a result of 
chemotherapeutic drug or neurleptic dmg administration. The effect of 
20 adenosine or the other of said active ingredients is coimtering drug-induced 
leukopenia, can be manifested by more limited reduction in the amount (or 
count) of the leukocytes, as compared to the count without adenosine, or at 
times even an increase in the amount of the cells, even to levels above control. 

In accordance with an additional aspect of the invention, 
25 adenosine, and some of said active ingredients, are used to inhibit 
- proliferation of tumor cells, within the framework of anti-cancer therapy. 

Furthermore, in accordance with another aspect of the 
invention, adenosine and some of said active ingredients may also be used to 
increase efficacy of cytotoxic drugs towards certain target cells, particularly of 
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anti-cancer chemotherapeutic drugs towards cancer cells. This increase in 
efficacy can be manifested by a more pronounced destruction of tumor cells at 
a given dose of the drug, or reduction in the required dose of the drug needed 
to achieve a certain therapeutic effect. 
5 By a further of its aspects, adenosine as well as some of said 

active ingredients other than adenosine, are used for improving the therapeutic 
index of certain therapeutic drugs, particularly improving the ratio between a 
specific therapeutic effect of the chemotherapeutic drug or neuroleptic drug 
on its respective target cell versus toxic side effects of these drugs manifested 

10 by leukopenia. In other words, the adenosine or some of the active ingredients 
other than the adenosine may give rise either to an increase in efBcacy of a 
drug which may mean the ability to use a lower dose, to shorten the treatment 
period, etc., may give rise to reduction of the aforementioned toxic side effect, 
or both. The active ingredient in accordance with this aspect may be 

15 administered in combination with the therapeutic dmg, e.g. may be included 
together in one pharmaceutical composition with said therapeutic drug. 

The present invention provides, for each of the abovementioned 
aspects, a method of therapeutic treatment comprising administering an 
effective amount of the respective active ingredient to an individual in need. 

20 Still further provided for each of the aspects of the invention, is the use of the 
active ingredient for the purpose of preparing a pharmaceutical composition 
for the therapeutic treatments of diseases or conditions which are within the 
scope of the invention's various aspects, noted above. Furthermore, for each 
of these aspects, the present invention provides a pharmaceutical composition 

25 for use in the treatment of a variety of conditions, diseases or disorders, which 
.. are within the scope of the above aspects, the composition comprising an 
effective amount of said active ingredient. 

The term ''effective amount used above and below should be 
understood as meaning an amount of adenosine or another of said active 
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ingredients other than adenosine which is capable of achieving a desired 
therapeutic effect. The desired therapeutic effect depends on the type and 
mode of treatment. When, for example, said active ingredient is administered 
to counter drug-induced leukopenia, an effective amount of the active 
5 ingredient may be an amount which protects the individual against the 
drug-induced reduction in the count of leukocytes, particularly neutrophils; an 
amount of the active ingredient which can give rise to an increase in ian 
already decreased level of such cells, e.g. restore the level to a normal level or 
sometimes even above; etc. Where the active ingredient is administered in 
10 order to potentiate the effect of an anti-cancer chemotherapeutic dmg, an 
effective amount may be an amount which either increases the cancer specific 
toxicity of the chemotherapeutic treatment; an amoimt which is effective in 
reducing the amount of the chemotherapeutic dmg or drug combination 
required to achieve a desired effect of the chemotherapeutic drug or dmg 
1 5 combination, i.e. reduction of the tumor load; etc. An example of an effective 
amount is a daily administration of adenosine of above about 10 |ag./kg body 
weight, preferably at least about 25 |-ig/Kg body weight; and below about 
50 mg/Kg body weight, preferably below about 10 mg/Kg body weight and 
most preferably below about 1 mg/Kg body weight. Typically, the amount of 
20 adenosine administered will be within the range of 30-100 p-g/kg body 
weight. Such an amount of adenosine is typically administered in a single 
daily dose although at times a daily dose may be divided into several doses 
administered throughout the day or at times several daily doses may be 
combined into a single dose to be given to the patient once every several days, 
25 particularly if administered in a sustained release formulation. 

By one embodiment of the invention, the composition, 
particularly where the active ingredient is adenosine composition is an oral 
composition. Such a composition may be provided as a liquid, e.g. a syrup; it 
may be provided as powder or lyophilisate for mixing with a palatable liquid 
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prior to administration; it may be provided in a dosage form, e.g. in the form 
of a capsule or a pill, etc. 

By another embodiment, the composition is formulated for 
parenteral administration (intravenous, intramuscular, subcutaneous or 
5 intraperitoneal administration). A composition in accordance with this 
embodiment, may be provided as a liquid mixture ready for use, or may also 
be provided as a powder or lyophilisate for mixing with saline or any other 
physiological liquid prior to use. 

In accordance with a further embodiment, the adenosine 
10 composition is provided as an inhalable composition in the form of a spray or 
aerosol. 

In accordance with a still further embodiment, the composition 
is provided in the form of a patch for transdermal administration. 

In the case of the aspects of the invention concerned with 

15 reducing toxic side effects or increasing therapeutic index of therapeutic 
drugs, the administration of said active ingredient may begin a period of time, 
several days, prior to treatment with the therapeutic drug, e.g. the 
chemotherapeutic drug or a neuroleptic drug, and may then be continued also 
throughout the period of administration of the drug. Such prior administration 

20 may provide an extra protective effect, for example against the drug-induced 
leukopenia. 

At times a pre-treatment with said active ingredient may be 
sufficient, and at other times said active ingredient may be administered once 
or several times during the period of administration of the therapeutic drug. 
25 During a period of combined administration of the active ingredient and the 
• therapeutic dmg, there may be a variety of possible combined administration 
regimes, for example: daily administration of both daily administration of the 
therapeutic dmg and several times daily administration of the . active 



\ 
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ingredient; a repeated cycle of administration comprising administering the 
therapeutic drug on one day and then the active ingredient on another day; etc. 

According to an embodiment of the invention, the said active 
ingredient may be combined into a single composition with the other drug, 
5 and such a combined composition also forms as aspect of the invention. 

The invention will now be illustrated in a non-limiting manner, 
by the following examples with occasional reference to the annexed drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 
1 0 Fig* 1 shows the effect of increasing adenosine concentrations on the 

proliferation of Nb2-llc lymphoma cells, measured by cell count and 

expressed as percent of control. 

Fig. 2 shows the effect of 4 of adenosine on the proliferation of 

tumor and normal cells: Panel A shows the effect of adenosine on a number of 
15 leukemia and lymphoma cell lines; Panel B shows the effect of adenosine on 

a number of solid tumors; and Panel C shows the effect of adenosine on 

normal cells. Proliferation of cells was measured by a thymidine incorporation 

assay. 

Fig. 3 shows the effect of different doses of adenosine on proliferation 
20 of bone marrow cells (measured by a thymidine incorporation assay). 

Fig. 4 shows the effect of tyheophylline in neutralizing the inhibitory 
effect of adenosine on tumor cell proliferation. 

Fig. 5 shows the effect of adenosine receptor antagonists on 
proliferation of bone marrow cells (dark-colored columns show proliferation 
25 of bone marrow without adenosine; light-colored columns show the effect of 
- proUferation in the presence of adenosine). 

Fig. 6 shows the in vivo anti-tumor effect of three different treatments: 
administration of adenosine, administration of a chemotherapeutic dmg - 
cyclophosphamide and a combination of adenosine and the chemotherapeutic 
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drug. The effect was measured by counting the number of tumor foci in the 
lungs of the tested mice. 

Fig. 7 shows the in vitro effect of adenosine on activity of human 
natural killer (NK) cells and IL-2 production by human peripheral 
5 monunuclear cells. (Control - dark columns; cells exposed to adenosine - 
light colored columns). 

Fig. 8 shows the effect of in vivo administered adenosine on activity of 
NK cells. (Dark-colored columns - NK cells obtained from naive mice; 
light-colored columns - NK cells obtained from adenosine-treated mice). 

10 

DETAILED DESCRIPTION OF THE INVENTION 
Example 1 In vitro studies 
Material and Methods 

a. Tumor Cells 

Tumor cell lines from human (K562 myeloid leukemia, 
Tib- 180 erythroleukemia, LNCaP prostate carcinoma and 
MDA-MB-468 breast adenocarcinoma), and murine (Yac lymphoma, 
B-16 melanoma) were used and were purchased from the American 
20 Type Tissue Culture Collection, Rockville. Nb2 11c rat lymphoma 

cells (Pines et alS^^^) were also used. The cells were routinely 
maintained in RPMI medium containing 10% fetal calf serum. Twice 
a week the cells were transferred to a freshly prepared medium. 

25 Normal Cells 

As a control for tumor proliferating cells, two normal 
proliferating cell types were used i.e., bone marrow cells derived from 
the femur of C57BL/6J mice; fibroblasts derived from primary 
cultures of newborn rat skeletal muscle cells. The cells were prepared 
30 as previously, (Djaldetti, M., Sredni, B,, Zigelman, R., Verber, M., 
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and Fishman, P. Muscle cells produce a low molecular weight factor 
with anti-cancer activity. Clin. Exp, Matastasis, 14:189-196, 1996). 
Also used was the L-8 myoblast rat cell line which was purchased 
from the ATCC. 

c. Cell proliferation assays 
(i) Cell count assay : 

The effect of adenosine on the proliferation of rat Nb2-llC 
lymphoma ceils was monitored by cell coimting. The Nb2-llC cells 
were synchronized in the GO/Gl phase prior to cultivation with the CM 
by transferring the cells to horse serum (Biological Industries, Beit 
Haemek, Israel) supplemented medium for overnight incubation. 
T2xlO^ cells/ml were cultured in 24 well plates in 1 ml RPMI medium 
containing 5% horse serum and 20, 10, 8, 6, 4, 2 and 1 \xM of adenosine 
(purchased from Sigma, USA) were added. Cell proliferation was 
initiated by addition of Human Growth Hormone (Biotechnology 
General, Rehovot, Israel) to a final concentration of 2 ng/ml. The 
cultures were incubated at 37°C at 5% CO2 and counted in Coulter 
Counter 48 hours later. Inhibition of cell proliferation was calculated as 
follows; 



wh nh 



wherein / = degree of inhibition (%) 
Cs = cell count with adenosine 

Cnh = cell coxont without hormone and without 
adenosine 

C^/, = cell count with hormone but without adenosine. 
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(ii) rHI-Thvmidine incorporation assay : 

0.9xl0Vwell of each tumor cell line or nomaal cells (bone 
marrow cells or fibroblasts) were incubated with RPMI medium 
containing 10% FCS and 2 |j.M adenosine in 96 microtiter plates for 48 
hours. During the last 6 hours of incubation, each well was pulsed with 
1 iiCi [^H]-Thymidine. The cells were harvested and the F'^H-Thvmidine 
uptake was determined in an LKB liquid scintillation counter (LKB, 
Piscataway, NJ, USA). 

Results 

a.' Effect of adenosine on tumor and normal cell proliferation 

The growth of the Nb2-llc rat lymphoma cells (measured by 
cell count) was markedly inhibited following incubation with different 
concentrations of adenosine. As can be seen in Fig. 1, there is a dose 
dependent effect of adenosine on the proliferation of the Nb2-1 Ic cells. 

Adenosine in a concentration of 4|iM induced proliferation 
inhibition in the leukemia, lymphoma and the solid tumor cell lines, 
while in the same time it stimulated the proliferation of the three 
tested normal cells (Fig. 2): all results shown as % of control) 
Additional studies revealed a dose dependent stimulatory effect of 
adenosine on bone marrow cell proliferation (Fig. 3) with a peak 
activity at about 10 pM). 

b. Theophylline (adenosine A1&A2 receptor antagonist) 
Neutrelizes the inhibitory effect of adenosine on tumor cell 
proliferation 

Theophylline is an antagonist of both Al and A2 adenosine 
receptors. Theophylline in a concentration of 0.1i-lM was added to a 
culture of K562 cells in the presence of 4\xM adenosine. Culture 
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conditions were identical to those described above. As can be seen in 
Fig. 4, while adenosine inhibited tumor cell proliferation in the 
presence of theophylline, this inhibitory effect was neutralized. 

c. Effect of Theophylline (adenosine Al and A2 recep tor 
antgonist). DPCPX (adenosine Al receptor antgonist^l and 
DPSPX (adenosine A2 receptor antagonist) on bone marrow 
cell proliferation 

Proliferation of bone marrow ceils in the presence of the three 
adenosine receptor antagonists in the absence and in the presence of 
adenosine was tested. The concentration of Theophylline was 0.1 pM; 
and that of DPCPX and DPSPX was 0.01 pM. The concentration of 
adenosine was 10 pM. 

The results shown in Fig. 5 show that all these receptor 
antagonists caused a small increase in proUferation of bone marrow 
cells, while a much higher effect on increase of bone marrow cell 
proliferation was observed in the presence of adenosine. These results 
demonstrate that the stearatory effect of adenosine on bone marrow cells 
is likely through a mechardsrri not dependent on the adenosine receptors. 
In addition, although not wishing to be bound by theory, it is likely that 
the increase in proliferation obtained in the presence of the adenosine 
receptor antagonists is a result of freeing a larger amount of adenosine 
naturally present in the extracellular environment e.g adenosine 
secreted by cells from internal pools, to act through the proliferation 
stimulation pathways. 
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Example 2 In vivo studies 
Material and Methods 

40 C57BL6/J mice were divided into 4 groups each of which 
were treated (by intraperitoneal injection) according to one of the following 
protocols: 

1. control group: 6 days of treatment by daily injection of 1 ml saline. 

2. adenosine and chemotherapy group: daily injection of a 1 ml 
5 mM adenosine solution for 5 consecutive days. On day 6 the 
mice were injected intraperitonealy with cyclophosphamide. 

3. adenosine group: daily injection of a 1 ml 5 mM adenosine 
solution for 5 consecutive days. On day 6 the mice were injected 
intraperitonealy with 1 ml saline. 

4. chemotherapy group: daily injection of 1 ml saline for 5 consec- 
utive days. On day 6 the mice were injected intraperitonealy with 
cyclophosphamide. 

Five mice of each group were sacrificed 25 hrs and 96 hrs 
following the treatments and two parameters were evaluated: 

1 . Complete blood count cell, 

2, Proliferation capacity of bone marrow: bone marrow was 
aspirated from the femur and pooled for each tested group. The 
cells were separated, counted and the proliferative capacity was 
evaluated by the ["^HJ-Thymidine incorporation assay as 
described above. 

Results 

Adenosine has a chemoprotective effect 

Following treatment with cyclophosphamide the- number of 
white blood cell dropped after 24 hrs as is shown in Table 1, below. , In the 
group which was treated 5 days with adenosine prior to the cyclophosphamide 
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administration, the number of white blood cells was even higher than that of 
the cyclophosphamide treated group. 



Table 1 





WBC count X 10*^/ml 


Group 


24 hours 


96 hours 


control 


6.0 ±0.75 


6.0 ±0.75 


adenosine 


9.37 ± 0.26 


6.8 ± 0.73 


cyclophosphamide 


3.8±0.18 


3.62 ±0.17 


adenosine + cyclophosphamide 


6.4 ± 0.58 


7.32 ±0.88 



The protective effect of adenosine was also demonstrated when 
testing bone marrow cell proliferation, as can be seen in Table 2 below. It can 
be seen that adenosine increased the proliferating capacity of the bone marrow 
even above control, even in the presence of the chemotherapeutic drug. 



Table 2 





Bone Marrow Cell Proliferation 
(CPM) after 24 hours 


Control 


603.6 ±23.7 


Adenosine 


1480.0 ±68.5 


Cy clophosphamide 


434.5 ± 52.2 


Adenosine + cyclophosphamide 


1072.6 ±85.3 



wo 99/02143 PCT/IL98/00324 

20 

Example 3 In vivo studies 

Materials and Methods 

40 C57BL6/J were divided into 4 groups, each of which was 

treated (by intraperitoneal injection) according to one of the following 
protocols: 

1. Control group: 6 days of treatment by daily injection of 1 ml 
saline. 

2. Chemotherapy group: daily injection of 1 ml saline for 5 
consecutive days. On day 6 the mice were injected 
intraperitoneally with cyclophosphamide. 

3. Adenosine group: daily injection of a 1 ml group 5 mM adenosine 
solution for 5 consecutive days. On day 6 the mice were injected 
intraperitoneally with 1 ml saline. 

4. Adensoixie and chemotherapy group: daily injection of a 1 ml 
5 mM adenosine solution for 5 consecutive days. 

The following parameters were evaluated for each group; 

i. Red blood cell (RBC) count. 

ii. Hemoglobin (HGB) level. 

iii. White blood cell count. 

iv. Proportion of the three major groups of white blood 
cells: Lymphocytes (LYM), Monocytes (MID) and 
Granulocytes (GRAN). 

Results 

The results (mean ± S.E.) for each of the different groups is 
shown in the following Table 3. 
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Table 3 



Group 


RBC' 


HGB^ 


% LYM^ 


% MID'* 


% GRAN'* 


Control 


8.51±0.17 


14.06±0.28 


74.22±3.36 


10.46±1.07 


15.10±2.72 


CHEMO 


8.65±0.18 


14.88±8.32 


81.94±2.49 


7.78±0.92 


10.28±1.59 


AD(w) 


8.44±0.16 


14.03±0.20 


65.57±3.35 


13.4±0.70 


21.03±2.75 


AD(w)+CH 


8.17±0.28 


13.06±0.46 


75.1±3.89 ' 


9.00±0.86 


15.84±3.08 



' Red blood cell counts - 10^/ 1 
5 ^ Hemoglobin count - in gram/ 100 ml 

% out of the number of white blood ceils 



The above results demonstrate that while the chemotherapeutic 
10 drug had almost no effect on the red blood cell count and on the level of 
hemoglobin, it caused a reduction in the amount of white blood cells. As can 
be seen, the white blood cell count was boosted to levels above control after 
administration of adenosine and when adenosine was administered together 
with the chemotherapeutic dmg, the white blood cell count remained at levels 
15 similar to control. 

The above results demonstrate that while the chemotherapeutic 
drug had almost no effect on the red blood cell count and on the level of 
hemoglobin, it caused a reduction in the amount of white blood cells. As can 
be seen, the white blood cell count was boosted to levels above control after 
20 administration of adenosine and when adenosine was administered together 
with the chemotherapeutic dmg, the white blood cell count remained at levels 
similar to control. 

While the chemotherapeutic drugs have a toxic effect and thus 
give rise to reduction in count of all white blood cells, this effect is more 
25 dominant on granulocytes. This can be seen by the fact that following 
administration of the chemotherapeutic drug the relative proportion of 
granulocytes decreases while the relative proportion of .lymphocytes 
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decreases. This effect is reversed upon administration of adenosine, namely, 
adenosine has a more pronoimced effect in causing proliferation of 
granulocytes in various other types of white blood cells. 

Example 3 Additional in vivo studies 

In a large number of in vivo studies conducted using similar 
protocols, the adenosine dosage which was used was reduced to about 
54 iLLg/kg body weight per day, with a similar effect of adenosine, in toxic 
effect of the chemotherapeutic dmg on the count of leukocytes and peripheral 
blood granulocytes. Additionally, in further experiments conducted in 
accordance with the invention it was found that in order to exert its protective 
effect, it is suflScient to administer the adenosine for several days prior to the 
treatment with the chemotherapeutic drug and this effect does not require 
continued administration of adenosine during the course of treatment with a 
chemotherapeutic drug. 

Example 4 In vivo studies 
Materials and Methods 

B-16-F10 melanoma cells (2x10^) were intravenously injected 
to 40 C57BL6/J mice. The mice were divided into 4 groups each of 10 mice 
which were treated by intraperitoneal administration of one of the following: 

1. Control group: daily administration of 1 ml saline, per mouse from 
day of tumor inoculation until the mice were sacrificed. 

2. Adenosine group: daily administration of 1 ml of a 5 mM 
adenosine solution per mouse from day of tumor inoculation imtil 
the mice were sacrificed. 

3. Chemotherapy group: one injection of cyclophosphamide 24 hrs 
after inoculation of tumor cells and daily administration of 1 ml of 
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saline per mouse from day of tumor inoculation until the mice 
were sacrificed. 

4. Chemotherapy and adenosine: one injection of cyclophosphamide 
24 hrs after inoculation of tumor and daily administration of 1 ml 
of 5 mM per mouse from day of tumor inoculation until the mice 
were sacrificed. 

Results 

Following 18 days the mice were sacrificed and melanoma 
tumor foci were counted in the lung. The results are summarized in Table 4. 

Table 4 



Group 


No. of foci 


control 


7.6 ±2.68 


adenosine 


6.11 ±2.74 


chemotherapy 


4.16 ± 1.42 


adenosine + chemotherapy 


3.0± 1.16 



The above result denionstrates the adjunctive effect of 
adenosine in increasing potency of the anti-tumor effect of the 
chemotherapeutic drug. 

In another experiment, a similar protocol was followed, with a 
lower dosage of adenosine (oral administration of 0.5 ml of a 10 pM 
adenosine solution, a dose equal to about 54 p-g/kg body weight of adenosine). 
The results are shown in Fig. 6. As can be seen, here again, adenosine 
synergized with the chemotherapeutic drug to reduce the tumor low. 
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Example 5 In vivo studies 
Materials and Methods 

50 C57BL6/J mice were divided into 5 groups of 10 mice each, 
which were treated by intraperitoneal injection with one of the following 
treatments: 

1. Control group: 6 days of treatment by daily injection of 1 ml 
saline, 

2. Adenosine group I: daily injection of 1 ml 5 M adenosine solution 
for 6 days (a dose of about 5 |jM/kg body weight), 

3. Adenosine group II: daily injection of 1 ml 10 M adenosine 
solution for .6 days (a dose of about 1.08 p-g/kg body weight). 

4. Chemotherapy group: daily injection of 1 ml saline for 5 
consecutive days. On day 6 the mice were injected intra- 
peritoneally with cyclophosphamide. 

5. Adenosine and chemotherapy group: daily injection of 1 ml 10 M 
adenosine solution for 5 consecutive days. On day 6 the mice 
were injected intraperitoneally with cyclophosphamide. 

Results 

The total white blood cell count and the percentage of 
granulocytes, in each of the groups, is shown in the following Table 5. 
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Table 5 



Group 


WBC (count X 10^/ I) 


GRAN (%) 


Control 


7.85 


8.70 


5 fjM adenosine 


9.50 


9.00 


10 |jM adenosine 


7.56 


10.76 


Chemotherapy 


5.00 


7.70 


10 pM adenosine + 
chemotherapy 


6.35 


11.41 



5 The above results show that adenosine at both concentrations 

had no effect in increasing the percentage of granulocytes in the white blood 
cell population. In addition, while the chemotherapy caused a decreased in 
the number of white blood cells and in the relative proportion of granulocytes, 
the adenosine was capable of restoring the total white blood cell count, 

10 although not to fiiU control levels, but more importantly, notwithstanding the 
chemotherapy, it yielded a very large increase in the relative proportion of 
granulocytes. 

Example 6 Adenosine exerts an immunomddulator, effect 
15 a. //I vivo effect on NK activity and IL-12 secretion 

Mononuclear cells (MNC) were fractionated from heparinized 
blood of 10 healthy volunteers using FicoU-Hypaque gradient. 5x10^ 
mononuclear cells/ml were incubated with 4|j.M adenosine and RPMI 
containing 10% FCS with and without 0.0075% of the mitogen 
20 Staphylococus Aureous Crown (SAC, Calbiochem Pansorbin) for 18 hours. 
At the end of the incubation period the supernatant was collected, 
centrifuged and filtered through Q,22\x sterile filter and Icept at -70^C until 
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assayed. The level of IL-12 in the supematants was analyzed using a 
commercial kit of R&D System. 

The effect of adenosine on the activity of human peripheral 
blood NK cells was assayed by a standard 4h ^^Cr-release assay using 
K562 leukemia cells as targets. Peripheral blood mononuclear cells were 
separated from 10 healthy volunteers using Ficoll-Hypaque gradient. Cells 
were cultured at a concentration of 5x10^ cells/well in 96 well round 
bottom plates , and used as the effector (E) cells. The cells were 
preincubated with 4|aM adenosine in RPMI containing 5% FCS for 18 
hours. K562 cells were used as the targets (T) and were labled with 100)j.ci 
of Na2[^^Cr]04 at 37*^ for Ih, After extensive washing to remove the excess 
Cr, cells (IxlO"*) were resuspended and mixed with the effector cells at the 
E:T ratio of 1:50 in a volume of 200 |-l1 using triplicate assays. After 4h of 
incubation at. 37^C in 5% COi, plates were centrifiiged, and the 
supematants were counted in a gamma counter (LKB). 
NK cytotoxicity was calculated using the following equation: 

cpm experiment - cpm spontaneous 

% lysis = X 10 

cpm maximal - cpm spontaneous" 

where cpm spontaneous and cpm maximal were determined by measuring 
cpm of the supematants of the target cells alone in the presence of assay- 
medium or in the presence of 1% SDS, respectively. Spontaneous release 
was below 8% of the maximal release throughout this experiment. 

Results : 

Adenosine stimulated the production of IL-12 by human peripheral blood 
mononuclear cells in the presence of SAC mitogen (Fig. 7). In another set 
of experiments adenosine induced IL-12 production without the presence of 
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mitogen in the culture system (19% stimulation of IL-12 production). NK 
activity was also stimulated by 32% following the addition of adenosine to 
the culture system. It may be concluded that one of the potential mechanism 
through which adenosine stimulates NK activity is the induction of IL-12 
5 production which is known as a activator of NK cells. 



b. In Vivo Effect of Adenosine on NK activity of mice splenocytes 

ICR mice were treated for 5 consequential dats with 10|jM of 
adenosine. Three days later the mice were sacrificed, spleens were taken out 
10 and mononuclear cells were separated using ficoU hypaque gradient. NK 
activity was measured as described above for the human assay excluding 
the use of YAC murine lymphoma cells as targets instead of the K562 cells. 

Results : 

15 NK cells derived from adenosine treated mice were more 

potent in lysing the Yac taget cells as was seen in the two ratios of 
effectors :targets assayed (Fig. 8). 

The modulating affect of adenosine may explaine some of its 
in vivo anti-tumoral activity shown below. 
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CLAIMS: 



1- A pharmaceutical composition for the treatment of an 

individual having a reduced level of leukocytes in the circulation, comprising 
5 an effective amount of an active ingredient selected from the group consisting 
of: 

adenosine; 

on active agent other than adenosine selected from the group consisting 
of nucleosides, nucleoside derivatives and agents which interact with the 
10 adenosine system, said active agent being biologically active in inducing 
' proliferation of bone marrow cells; or 

or a combination of these active agents; 

or a combination of adenosine and said substances. 

2. A pharmaceutical composition according to Claim 1, wherein 
1 5 said active ingredient is adenosine. 

3. A pharmaceutical composition according to Claim 1 or 2, for 
treating an individual with a weakened immune system. 

4. A pharmaceutical composition according to Claim 3, for 
treating an individual undergoing a drug treatment causing reduction in 

20 leukocyte levels. 

5. A pharmaceutical composition according to Claim 4, wherein 
the drug is a chemotherapeutic or neuroleptic dmg. 

6. A pharmaceutical composition for anti-cancer treatment, 
comprising an effective amount of an active ingredient, being: 

25 adenosine; 

an active agent other than adenosine selected from the group consisting 
of nucleosides, nucleoside derivatives and agents active in the adenosine 
system, said active agent being biologically active in inhibiting proliferation 
of tumor cells; or 
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a combination of adenosine and said active agent. 

7, A pharmaceutical composition according to Claim 6, herein 
said active agent is adenosine. 

8. A pharmaceutical composition according to Claim 6 or 7, for 
5 administering in combination with an anti-cancer chemotherapeutic dmg. 

9, A pharmaceutical composition according to Claim 6 or 7, 
comprising an anti-cancer chemotherapeutic drug. 

10. A pharmaceutical composition according to Claim 8 or 9, 
wherein the amount of the chemotherapeutic drug is lower than that used in an 

10 anti-cancer treatment where the chemotherapeutic drug is administered to the 
individual without said active ingredient. 

11- A pharmaceutical composition for use in improving therapeutic 

index of a therapeutic drug which acts on specific target cells and having toxic 
side effects in causing reduction in leukocyte levels of a treated individual, the 
15 composition comprising an effective amoimt of an active ingredient selected 
from the group consisting of: 
adenosine; 

an active agent other than adensine selected from the group consisting 
of nucleosides, nucleoside derivatives and agents active in the adenosine 
20 system, said active agent being biologically active in either increasing 
efficacy of the therapeutic drag or inducing proliferation of bone marrow 
cells; or a combination of these active agents; or 
a combination of adenosine and said agent. 



12. A pharmaceutical composition according to Claim 11, wherein 

25. said active ingredient is adenosine. 

--..13. A pharmaceutical composition according to Claim 11 or 12, 

wherein said therapeutic drug is a neuroleptic or chemotherapeutic drug. 
14. A pharmaceutical composition according to any one of 



Claims 11-13, wherein the effect of said active ingredient is manifested by 
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either permitting an increased dose of said therapeutic drug, an increase of 
administration period of said therapeutic drug, a reduced amount of said 
therapeutic drug yielding a therapeutic effect comparable to that achieved 
without said active ingredient. 
5 15. A pharmaceutical composition according to any one of 

Claims 11-14, comprising also said therapeutic drug. 

16. A method of treating an individual having a reduced level of 
leukocytes in the circulation, comprising administering to the individual an 
effective amount of an active ingredient selected from the group consisting of: 

10 adenosine; 

an active agent other than adenosine selected from the group consisting 
of nucleosides, nucleoside derivatives and an agent active in the adenosine 
system, said active agent being biologically active in inducing proliferation of 
bone marrow cells, or a combination of these active agents; or 

15 a combination of adenosine and said active agent. 

17. A method according to Claim 16, wherein said active ingredient 
is adenosine. 

18. A method according to Claim 16 or 17, wherein the treated 
individual has a weakened inmiune system. 

20 19. A method according to Claim 18, wherein the treated individual 

undergoes a drug treatment causing a reduction in leukocyte levels. 

20. A method according to Claim 19, for the treatment of drag- 
induced leukopenia. 

21. A method according to Claim 19 or 20, wherein the drug is a 
25 chemotherapeutic or a neuroleptic drug. 

■ • -..22. A method for treating an individual suffering from cancer 

comprising administering to the individual an effective amount of an active 
ingredient selected from the group consisting of 
adenosine; 
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an active agent other than adenosine selected from the group consisting 
of nucleosides, nucleoside derivatives and an agent active in the adenosine 
system, said active agent being biologically active in inhibiting proliferation 
of tumor cells; or 
5 a combination of adenosine and said agent. 

23. A method according to Claim 22, wherein said actiye ingredient 
is adenosine. 

24. A method according to Claim 22 or 23, comprising 
administering said active ingredient to the individual in combination with an 

1 0 anti-cancer chemotherapeutic drug. 

25. A method according to Claim 24, wherein the amount of the 
chemotherapeutic drug is lower than that used in anti-cancer treatment 
involving administering said chemotherapeutic drug without said active 
ingredient 

15 26. A method for treating an individual in order to increase the 

therapeutic index of a therapeutic drug, comprising administering said 
therapeutic dmg in combination with an active ingredient selected from the 
group consisting of: 
adenosine; 

20 an active agent other than adensine selected from the group consisting 

of nucleosides, nucleoside derivatives and an agent active in the adenosine 
system, said active agent being biologically active in either increasing 
efficacy of the therapeutic drug or inducing proliferation of bone marrow 
cells; or 

25 a combination of adenosine and said agent. 

- 27. A method according to Claim 26, wherein said active 

ingredient is adenosine. 

28, A method according to Claim 26 or 27, wherein said 

therapeutic drug is an anti-cancer chemotherapeutic drug. 
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29. A method according to Claim 26 or 27, wherein said 
therapeutic drug is a neuroleptic drug. 

30. A method according to any one of Claims 26-29, wherein the 
increase in therapeutic index is manifested by: 

5 increase efficacy of said therapeutic drug at the administered amount 

as compared to administration without said active ingredient, 
reduced toxic side effects of said therapeutic drug, or 
increase in the duration of administration of said therapeutic drug. 

31. A method according to any one of Claims 26-30, wherein said 
10 therapeutic drug has a toxic side effect manifested in reduction of the level 

' of leukocytes. 

32. Use of an active ingredient selected from the group 
consisting of: 

adenosine; 

15 an active agent other than adenosine selected from the group consisting 

of nucleosides, nucleoside derivatives and agents which interact with the 
adenosine system, said active agent being biologically active in inducing 
proliferation of bone marrow cells; or 

or a combination of these active agents; 

20 or a combination of adenosine and said substances for the preparation of a 
pharmaceutical composition for the treatment of an individual having a 
reduced level of lexikocytes in the circulation. 

33. Use of an active ingredient selected from the group consisting 
of: 

25 adenosine; 

an active agent other than adenosine selected from the group consisting 
of nucleosides, nucleoside derivatives and agents which interact with the 
adenosine system, said active agent being biologically active in inducing 
proliferation of bone marrow cells; or 
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or a combination of these active agents; 
or a combination of adenosine and said substances for the preparation of a 
pharmaceutical composition for anti-cancer treatment. 

34. Use of an active ingredient selected from the group consisting 
5 of: 

adenosine; 

an active agent other than adenosine selected from the group consisting 
of nucleosides, nucleoside derivatives and agents which interact with the 
adenosine system, said active agent being biologically active in inducing 
10 proliferation of bone marrow cells; or 

or a combination of these active agents; 
or a combination of adenosine and said substances for the preparation of a 
pharmaceutical composition for use in improving therapeutic index of a 
therapeutic drug which acts on specific target cells and having toxic side 
15 effects in causing reduction in leukocyte levels of a treated individual. 

35. Use according to any one of Claims 32-34, wherein said active 
ingredient is adenosine. 
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